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中文摘要

以液相層析連線電化學法偵測五個人

類與兔子尿液中雌激素衍生物(雌素

酮、雌二醇、雌三醇、2-甲基雌素酮

與乙炔氧偶素)。偵測電池以玻璃碳電

極為工作電極，移動相為甲醇 - 乙

青 –磷酸 (pH 6.0)( 40：25 : 

35v/v/v )。此測定法已實際應用於女

性排卵期間與兔子懷孕尿液中的雌激

素。

關鍵詞：雌激素衍生物, 液相層析-電

化學偵測法,女性排卵期間與兔子懷

孕尿液.
Abstract
A liquid chromatography method with 
electrochemical detection has been 
developed of the quantitative 
measurement for the five estrogens 
derivatives (estrone, estradiol, estriol, 
2-methoxyestrone and ethinylestradiol) 
in human and rabbit urine. The detection 
cell consisted of a dual thin –layer 
glassy carbon electrochemical signal 
was obtained with a supporting 
electrolyte containing 40 % methanol –

25 % acetonitrile- 35 % phosphate 
buffer (pH 6.0) as the mobile phase. The
method was applied to the determination 
of the four compounds in menstrual 
women and the urine of pregnant rabbit

Keywords: estrogens derivatives, liquid 
chromatography-electrochemical 
detection, menstrual women and the 
urine of pregnant rabbit.

報告內容
前言
Estradiol (E2) has many biological 
effects, and some of its metabolites 
many contribute to the physiological 
actions of this steroid. Major pathways 
for the metabolism of E2 by cytochrome 
P – 450 dependent enzymes in liver 
microsomes include hydroxylation at the 
16 á. - position to estriol (E3) and 
oxidation at the 17 â - position to 
estrone (E1) [1]. Another pathway: 2 –
hydroxyestrone is converted into a stable 
2 – methoxyestrone [2]. Nearly a half 
century ago it was recognized that a 
substantial increase in estrogen 
excretion accompanied pregnancy. The 
predominant estrogen was identified as 
estriol, not the usual ovarian estrogens –
estradiol or estrone [3].



 
 
 
 
 
 
 
 
 
 
 
 

     

研究目的
This paper describes an RP- HPLC 
method with electrochemical detection 
and UV absorbance for the simultaneous 
determination of estrone, estradiol, 
estriol, 2-methoxyestrone and 
ethinylestradiol after acid hydrolysis of 
their conjugates in biological fluids.  

文獻探討
Many immunoassays for estriol, with 
different markers ( 125 I, Tritium and 
Europium chelates ) and detector system, 
had been described [4-6]. In derivative 
UV/VIS spectrophotometry for 
ethinylestradiol had been reported [7]. 
Estradiol and estriol cannot be reduced 
at a dropping mercury electrode because 
they do not contain the ketonic group or 
á, â –unsaturated ketonic groups. These 
compounds must be derivated and 
determined by polarography or stripping 
voltammetry [8-10]. Electrochemcial 
oxidation of estrogens at modified 
carbon paste electrode was not a 
selective electroanalytical method for 
the simultaneous determination of some 
estrogens [11]. Estrogens had been 
analyzed by HPLC with UV-detection 
[12-15], fluorescence [16-21], 
electrochemical detection [22-26] and 
mass spectrometry [27-29]. HPLC 
method after fluorimetric pre-column 
derivatization can improve specificity 
and sensitivity. However, The 
derivatization process must be carried 
out 60 ℃ for 20 min to form the 
fluorescent derivatives. In recent years, 

liquid chromatography/mass 
spectrometry( LC/MS) had been used 
for steroid analysis. Although, that 
LC/MS techniques have high sensitivity 
and specificity and permit rapid sample 
throughout. However, the LC/MS 
methodology, atmospheric pressure 
chemical ionization (APCI) and 
electrospray ionization, the mobile phase 
composition, in the analysis steroids in 
biological matrix have not been fully 
explored, and the instrumental is 
expensive. Most chromatographic paper 
that had been investigated of estrogens 
in serum and tissue. Some in 
investigations deal with the metabolites 
excreted in the urine of fluorescence 
detection [14,17,21] and micellar 
electrokinetic chromatography [25]. 
There are, however, no repots of the 
simultaneous determination of estrone,
estradiol, estriol, 2-methoxyestrone and 
ethinylestradiol, which are present in 
urine. For example, the metabolite of 2 –
methoxyestrone which little was 
determined in the literature.   

研究方法
Human volunteers
The volunteer population was composed 
of 5 healthy female subjects (ages 20-24
y ) who had not received any estrogens 
during the previous one months 
participated in the experiment. The urine
samples were obtained from women 
during the follicular phase of their
menstrual cycle.



 
 
 
 
 
 
 
 
 
 
 
 

     

Rabbits
Female rabbits, weighing 2836 - 4200 g, 
were used. The urine was collected for 
each time period i.e. 1 - 31 day during 
the gestation and stored at -30℃ until 
analyzed.

Extraction of estradiol and its 
metabolites
Sample urine from rabbit and human
were taken to the centrifugal tube and 
centrifuged at 3000 g for 30 min, 
respectively. 1 ml and 10 ml of rabbit
and human  supernatant urine were 
transferred to another reaction vial 
containing 1 ml 12 M hydrochloric acid
and heated with a reflux module at 90 
-100 ℃ for 15 min, respectively. The 
resulting solution was cooled to room 
temperature and extracted three times 
with 10 ml of chloroform. A aliquot of 
20 ml of the solution containing 0.1 M 
sodium hydroxide and 0.1 M sodium 
bicarbonate was added to the organic 
phase, washed two times and then 
distilled water was used to wash to the 
organic phase. The organic layer 
evaporated at 40℃ under dry nitrogen. 
The dried extract was reconstituted with 
0.5 ml of 50 ﹪(v/v) methanol-water 

and loaded onto a Sep-Pak C18 waters 
cartridge which had been conditioned 
with 2ml of methanol and 2ml water 
prior to sample loading. An additional 
0.5 ml of methanol was used to rinse the 
sample vial and was also loaded onto the 
C18 cartridge. The sample on the C18 

cartridge was washed with 2.0 ml of 

water (eluent discarded), 2.0 ml of 22% 
acetonitrile–water solution, 1.0 ml of 
30% acetonitrile–water solution, 1.0 ml 
of 40% acetonitrile–water solution and 
1.0 ml of 55% acetonitrile–water 
solution. These four fractions were 
combined and extracted three times with 
10 ml of chloroform then dried under 
nitrogen at 45 ℃. The dry extract was 
reconstituted with 1 ml of pure methanol 
and filtered through 0.45 ìm membrane 
filters before LC analysis.

Determination by liquid chromatography
Stock solution of standards were 
prepared 1000μg/ ml of estrogens in 
methanol-deionized water ( 1:1, v/v ), 
respectively. Working standard solutions 
were prepared from a stock standard 
solution in methanol -deionized water 
(1:1, v/v ) in the range 10- 1000 ng/ml l. 
A Phenomenex Luna analytical column 
( particle size 5μm, 4.6 ×250 
mm )( purchased from Phenomenex 
Corporation, USA) eluted methanol –  
acetonitrile- phosphate buffer (pH 
6.0)(40 : 25 : 35 , v/v ) as the mobile 
phase at 1 ml/min. Detection after 
separation on the Phenomenex Luna
column was carried out using ultraviolet 
detector set at 280 nm. The EC detector 
was operated at ＋0.9 V. By means of 
the injection value, 20μl of the 
prepared sample solution and standard 
solution was chromatographed under the 
operating conditions described above. 
Quantitation was based on the peak 
height of the sample.



 
 
 
 
 
 
 
 
 
 
 
 

     

結果與討論
Table 1 Concentrations of estrogens in menstrual women’s urine by LC-ECD.
Volumteers             Concentration(μg/day , n = 6)a

E1 E2 E3 2 ME

1 91.0 (5.3%)b 110.4 (14.0%) 8.4   (2.6%) 87.6 (14%)
2 ND ND 60.8 (4.0%) 543.6 (1.3%)
3 33.6 (23.0%) 118.7 (22.0%) 67.2 (10.0%) 355.0 (13%)
4 111.3 (26.0%) 151.2 (30.0%) 262.5 (0.7%) 527.8 (8.1%)
5 ND ND ND 329.4 (4.1%)
a Number of determination ( n = 6 )
b Relative standard deviation
ND, not determined



 
 
 
 
 
 
 
 
 
 
 
 

     

Table 2 Concentration of estrogens in pregnant rabbit，s urine by LC-ECD.

Days of 
gestation

Concentration 
(ng/ml, n = 6 )a

E1 E2 E3 2 ME

Before 
pregnancy

149  (2.3%)b ND 205 (4.7%) ND

1 61     (4.6%) ND 54  (3.9%) 62(3.4%)
2 105 (4.5%) ND 96   (2.1%) 161(14.3%)
3 38       (9.9%) ND 132 (4.4%) ND
5 172  (0.8%) ND 185  (24.0%) ND
7 ND ND 556  (19.0%) ND
8 248 (11.0%) 231  (2.7%) 301   (7.7%) 183(2.8%)
10 ND ND 572   (6.3%) 85(2.4%)
12 152  (5.8%) 389  (2.4%) 584    (6.7%) 280(8.8%)
14 ND 313  (2.7%) 1138   (0.7%) ND
15 ND ND 3525  

(20.0%)
ND

17 172 (4.6%) ND 2176  (3.0%) ND
19 ND ND 1964 (5.3%) ND
23 ND 216 (2.8%) 2848  (4.3%) 220(8.8%)
25 ND 686 (6.1%) 11100 (3.6%) 132(12.0%)
27 139 (4.8%) ND 1701  (1.3%) 70(31.5%)
29 28     (15.0%) 61     (3.5%) 3606 

(15.0%)
ND

After pregnancy 174  (2.9%) ND 272  (5.5%) ND
a Number of determination ( n = 6 )
b Relative standard deviation
ND, not determination



 
 
 
 
 
 
 
 
 
 
 
 

     

Fig.1 Chromatogram of a mixture estradiol and its metabolites. The peaks are as 
follows: (1) estriol; (2) estradiol; (3) ethinylestradiol; (4) estrone;
(5) 2-methoxyestrone. 

Fig.2 Chromatograms obtained by LC-ECD from before (A) and after (B) urine of a 
pregnant rabbit (14th day of the menstrual cycle). Peaks: 1 = estriol; 2 = estradiol; 4 = 
estrone; 5 = 2-methoxyestrone; other peaks are endogenous substance and reagent 
blank..
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計劃成果自評
The coupling of liquid chromatography with electrochemistry offers a selective and 
sensitive for the determination of a wide variety of compounds in body fluids and 
tissues. The LC-ECD method described in this study, it is possible to observed the. 
Total run times at a flow-rate of 1.0 ml / min were approximately 15 min. 
Simultaneous determination of the estradiol metabolites should provide a better 
approach to biotransformations by aryl hydroxylation.
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